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Abstract 
We consider the Cauchy problem for the Godunov-Sultangazin  system with stationary normal stochastic processes as a initial 
conditions. The problem is a one-dimensional model system of the kinetic theory of gases. Results of numerical investigation of 
the Cauchy problem for the studied system are presented and discussed.  
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1. Introduction 
The kinetic theory of gases problems are very interested now [1 - 5]. This can be explained by the possibility of 
using the methods of the kinetic theory of gases in the study of problems of chemical kinetics, research of building 
materials, gasdynamics in civil engineering and other technological processes. One of such problems is the Cauchy 
problem of Godunov-Sultangazin system of equations. This system is a one-dimensional mathematical model of 
rarefied gas consisting of identical molecules which can have one of three speeds [1]. Two of these speeds have 
equal values and opposite directions.  The third speed is equal zero. The system under consideration has the basic 
properties inherent in Boltzmann equation. This explains the importance of its study. Numerical study mathematical 
model was performed in [4] for the case of periodic initial conditions. Stochastic distribution of   density of 
molecules at the initial moment of time leads to the necessity of studying the Cauchy problem for a system of 
Godunov-Sultangazin with stochastic initial data.  Similar problem for the Carleman system is considered in [5]. 
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Nomenclature 
u(t,x),  w(t,x),  v(t,x)   density of molecules of different groups 
us(x), ws(x), vs(x)  equilibrium state of problem, 
Mu(t,x) mathematical expectation of  u(t,x), 
Du(x) dispersion of  u(x), 
Siu(t,x), Siw(t,x), Siv(t,x) mean square deviation of  u(t,x) , w(t,x), v(t,x) from equilibrium state of problem, 
R(Ĳ) correlation function of stationary random process.         
2. Formulation of the problem 
 We consider the Cauchy problem for the Godunov-Sultangazin system 
 
ut + ux = İ -1(v2 – uw),     t > 0,  – < x <+, 
vt = – 2İ -1(v2 – uw),                                           
       wt – wx = İ -1(v2 – uw),                                                                                      (1) 
 
with initial data  
 
u(0,x) = u0(x),  v(0,x) = v0(x),  w(0,x) = w0(x).                                                        (2) 
 
 Here initial data u0 (x), v0 (x), w0 (x) are stationary normal stochastic processes.  In this case for fixed time value t 
the solution of problem (1), (2) is three stationary stochastic processes. Thus, for any fixed time variable t 
mathematical expectations Mu(t,x), Mv(t,x), Mw(t,x) and mean square deviations of u(t,x), v(t,x) and w(t,x) from 
equilibrium state Siu(t,x) Siv(t,x) Siw(t,x)   are constants. So, the following probability characteristics Mu(t,x), 
Mv(t,x), Mw(t,x), Siu(t,x), Siv(t,x), Siw(t,x) are depended only from variable t. For numerical investigation of 
statistical characteristics of the solution was applied the method described in [6, 7]. 
3. Results of numerical investigation 
Consider the Cauchy problem (1), (2) for the initial conditions, which are stationary normal random processes 
with different mathematical expectations and the same correlation function. The mathematical expectation of u0(x) 
Mu0(x) = 2,   the mathematical expectation of v0(x)   Mv0(x) = 1.1 and the mathematical expectation of w0(x)   
Mw0(x) = 1. The correlation function R(Ĳ)   of initial processes u0(x), v0(x) and w0(x) is equal İ2e-|Ĳ|/2Į.  
  
 
Fig. 1. Initial random processes u(0,x)= u0(x) , v(0,x)= v0(x) and w(0,x)=w0(x). 
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Fig. 2. Numerical solution u(t1,x), v(t1,x)  and w(t1,x), t1=0,02. 
 
 
Fig. 3. Numerical solution u(t2,x), v(t2,x) and w(t2,x), t2=0,08. 
    
Figure 1 shows initial random processes u0(x), v0(x) and w0(x). Figures 2, 3 shows the results of numerical 
solutions of problem (1), (2) u(t, x) and  w(t, x) for the values of the time variable t1=0,02, t2=0,08, İ=0,05. In the 
initial time period 0 < t < t* there is a rapid redistribution of molecules between the three groups (Fig. 2).   The 
mathematical expectation of    u(t, x), v(t, x) and w(t, x) are rapidly tending to the mathematical expectation of 
equilibrium state of problem us(x), vs(x), ws(x).  The rate of this process depends on the value of the parameter Į . At 
t  t* mathematical expectations of  u(t, x) and us(x) are almost the same  (Fig. 3).  
 
Fig. 4. Dependences of mathematical expectations of  u(t,x), v(t,x)  and w(t,x). 
 
   Figure 4 presents the dependence of the mathematical expectation of u(t, x), v(t, x)  and w(t, x) from time 
variable t. For  0 < t < t* = 0,02 there are rapid changing Mu(t, x), Mv(t, x) and Mw(t, x).  For t   t* mathematical 
expectations Mu(t, x) § Mus(x) = Mus, Mv(t, x) § Mvs(x) = Mvs  ,  Mw(t, x) § Mws(x) = Mws.  (Mu(t, x)Mw(t, x)§ 
Mv(t, x)Mv(t, x)).  
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There is the solution stabilization for stochastic initial data.  For t  t* mathematical expectations of u(t, x) is 
equal us(x), mathematical expectations of v(t, x) is equal vs(x)  and mathematical expectation of w(t, x) is equal ws(x). 
Figure 5 presents the dependences of mean square deviations of u(t, x), v(t, x)  and w(t, x) from equilibrium state 
which tend to 0. 
 
 
Fig. 5. Dependences mean square deviations of  u(t,x), v(t,x) and w(t,x) from  t. 
 
So, we can see solution stabilization. 
4. Conclusion 
We present the results of numerical investigation of the solution of the Cauchy problem for the Godunov-
Sultangazin system with stochastic initial conditions. The obtained numerical results agree with theoretical results 
obtained previously [2, 3]. Based on numerical investigation we can conclude that in the case of stationary 
stochastic initial conditions there is a stabilization of the solution to the equilibrium state.  
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